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INTRODUCTION. 


The quality of liquid egg used in making frozen or dried egg 
products depends upon two factors: First, the character of the eggs 
entering the product; and, second, the cleanliness of preparation. 
Eggs, good and bad, as they appear before the candle and out of the 
shell, with their respective chemical and bacterial characteristics, 
have been discussed in Bulletin 51.1. The precautions necessary to 
insure cleanliness when opening the eggs and collecting their con- 
tents to be frozen or dried have been discussed in Bulletin 224,’ in 

- which publication much attention is directed also to the character 
of the eggs used. During the progress of the work the question of © 
the accuracy of grading eggs by sight, smell, and taste frequently 
arose. It was observed that samples made from comparatively 
high-grade stock sometimes had a higher bacterial content than 
could be accounted for on the basis of faulty manipulation. They 
seldom showed chemical evidence of decomposition. It was ob- 


1 A Bacteriological and Chemical Study of Commercial Eggs in the Producing Districts of the Central 
West. U.S: Dept. Agr. Bul. 51, 77 p., 8 pl., 2 fig., July 20, 1914. 
2A Study of the Preparation of Frozen and Dried Eggs in the Producing Section. U.S. Dept. Agr. 
Bul. 224, 99 p., 17 pl., 7 fig., Apr. 28, 1916. 
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served, also, that the lower the grade of the breaking-stock eggs 
and the more numerous the discards in the breaking room, the higher 
was the average bacterial count, even though every care was used by 
the breaker to eliminate unfit eggs. Apparently, then, there are some 
infected eggs among the cracked eggs, dirty eggs, mid stale seconds, 
which so often go to the egg-breaking plant, which it is either quite 
impossible or very difficult to detect when grading out of the shell 


by ordinary means. The questions now to be considered are: What — 
is the character of these eggs, how many bacteria do they contain, . 


and how frequently do they occur ?? 


PURPOSE, PLAN, AND EXTENT OF INVESTIGATION. 


PURPOSE. 


The purpose of the investigation was fourfold: 

1. To obtain additional information regarding the bacteriology of 
individual eggs used in the preparation of frozen and dried eggs. 

2. To determine the accuracy of the present methods of grading 
individual eggs. 


3. To find the number and kinds of eggs containing bacteria not 


detected by the usual grading. 

4. To determine the effect of eggs containing bacteria upon com- 
posite products as evidenced by the bacterial content and the 
amount of ammoniacal nitrogen present in the finished product. 


PLAN. 


The material for study consisted of breaking stock—that is, odd- 
sized eggs, dirty eggs, cracked eggs, shrunken eggs, and honced eges. 
The samples were made up of approximately six dozen eggs each and 
were purchased in all but a few instances from commission houses 
located in a large eastern consuming center. 

All of the eggs for the experiments were commercially candled 
by the regular candlers of the commission house, who aimed to 


reject as unfit for food purposes all eggs containing blood, either in’ 


the form of clots or blood rings, all eggs with either broken or ad- 


herent. yolks, and all addled eggs, and to retain eggs with whole yolks | 


freely moving in the white. Eggs showing signs of incubation prior 
to the appearance of the blood ring were not discarded. 

On receipt at the laboratory each egg in the sample was numbered 
and described fully. The color, cleanliness, and soundness of the 
shell were noted. The eggs were recandled and-the condition of 
the white and yolk observed. They were then opened aseptically 
and placed individually into sterile glass custard cups similar to 


1 The work discussed in this bulletin was done under the direction of Dr. M. E. Pennington, to whom 


thanks are due for many valuable suggestions. A large part of the routine bacteriological work was done — 


by Dr. E. Q. St. John and Dr. E. Witmer, and the chemical work was performed by E. L. Connolly. 
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those used in the cooperating egg-breaking plants for holding the 
eges during grading. The cups were kept covered to prevent con- 
tamination from the air. 

In order that the grading might be uniform throughout the investi- 
gation and parallel the method followed in the cooperating egg- 
breaking plants, all of it was done by the same person, who was familiar 
with commercial procedures. Each egg was graded as good or bad, 
according to appearance and odor, and in case of doubt was graded 
also according to taste. 

After each egg was graded, a portion was removed to be examined 
for the number of bacteria and for the presence or absence of mem- 
bers of the B. coli group.’ All of the eggs graded as good were then 
mixed to form a composite sample, which was examined for the total 
number of bacteria, the number of organisms producing gas in lactose 
bile, the percentage of moisture, and the amount.of ammoniacal 
nitrogen as determined by the Folin titration method. 

After the egg had been thoroughly mixed, one cubic centimeter 
was withdrawn.? With this portion dilutions of 1 to 10, 1 to 100, 
and 1 to 1,000 were made with physiological salt solution. From 
the three dilutions plates were made with nutrient agar as the 
medium. One cc of the first dilution was transferred to a fermenta- 
tion tube containing lactose bile. The plates were incubated at 
room temperature for 5 days and the fermentation tubes at 37° C. 
for 2 days. This procedure was followed in the examination of the 
individual egg. The composite samples were examined according 
to the methods described in Department Bulletin 51 (pp. 74 to 77). 
The number of bacteria in the individual eggs is expressed on the cubic- 
centimeter basis. As an egg which has been frozen for any length of 
time becomes so thick that it is not possible to deliver definite quan- 
tities accurately from a pipette, the portion of frozen egg to be exam- 
ined was weighed and the results expressed on the gram basis. The 
two bases are comparable because the specific gravity of the egg after 
the white and yolk are mixed is practically unity. 


EXTENT. 


During the course of tke study 2,052 individual breaking-stock 
eggs, representing 29 samples, which varied in size from 66 to 72 eggs, 
were studied according to the plan just outlined. The samples were 
procured at fairly regular intervals between May 23 and October 27, 
1913, a period which covered the greater part of the egg-breaking 
season in the consuming center from which the eggs were chosen. 

1The terms B. coli, B. coli group, and organisms or bacteria producing gas in lactose bile are used 
synonymously in this publication. 
2 For the purpose of this report, eggs which did not show the presence of bacteria in 1 cc have been 


considered sterile, since a smaller number of bacteria is negligible from the viewpoint of possible food 
contamination. : ; ; 
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HISTORY AND BACTERIAL CONTENT OF SAMPLES. 


HISTORY OF SAMPLES. 


Most of the samples of breaking-stock eggs used for the investiga- 


tion were procured from the current receipts of commission houses 
located in an eastern consuming center. In a few instances in the 
beginning of the season samples were pips from grocery stores. 
Late in ie season the samples consisted of breaking-stock eggs 
sorted from eggs coming from storage. The firms from. whom most 
of the samples were obtained operated egg-breaking plants in addi- 
tion to their wholesale business. Most of the eggs were produced 
either in the Middle Western States or in Virginia, ‘and were shipped 
to the consuming center, after the weather had become warm, in 
refrigerator cars. The time occupied in making the haul varied ae 
3 to 12 days. The history of each sample is given in Table I. 


TasLe | —AHistory of samples. 


pee | 
Sam- ceived at} | 
= | Date | Instor- | Outof | Date ex-} p be 

ule Shipped from shipped | "e| age. storage. | amined. Kind of eggs. 

house 
1913. | 1913. | 1913. | i013. | _ to13. 

44142 | Edinburg, Va...| May 17 | ney 5. |) ea we bee Jae ae May 23 | Cracked eggs. 

41143 | Moorestown,N. Ta ieee as Pf gl ae a eae (hove May 27 | Fresh brown-shelled eggs. 
41144 | Edinburs; Va pay 22 me 2G ae Se 2a way 29 purty ges. 

41045 01S 33 dO". 22 2 eee eee eee [oes une - 3 | Seconds 
BAU EAG IS eke bd 28 we es Be ee ee Be eee ee ee ee June 10 Do. 

BEGAN! Boe coon ac oe Sate e Boe ey ee ee ! June 12 | Grocery eggs. 
TUL CS Coens Se aae ss Rae nemes marN me FI eet: tae | eee | June 17 Do. 

41149 | Woodbine, Iowa-_| June 10 | June 18 |--.-..-.-- ee June 19 | Cracked eggs. 

41161 | Edinburg, Va...| June 12 | June 16 12g See Baer | June 20 | Seconds and cracked eggs. 
41164 | Woodbine, Iowa- | Jane 16>) Simev2s oo June 24 | Cracked eggs. 
41167 oe Jackson, | June 14 Tis gy. S| Seer ee aoe ee June 26 | Seconds. 
41169 | New Albany,Ind| June 12 | June 21 | Le Od eee | esse 2 Do. 
43175 |New York N° Y | July: 74 -duly. (9 )[- rte eee July 10 | Seconds and cracked eggs. 
41178 Edinburg, Va. -_| July 8 July: 01o)) 224 es Ss | July 16 Do. : 
41189 | ‘Logan, lowa..-_.| July 7 | July 18}. -2-..-- = July 21 Do. 

4 bd ee dee. 2 ste | July 14} July 21 eee eee July 22 Do. 

41185 | Edinburg, Va- | July 15) | dtly iS ess ieee July 23 Do. 

41189 |.._.- doris ial Sealy 1:74 Pury Dube ar tree | July 25 Do. 

Attg2 ES dp oe aly. 19} July 32 |e ee aye Do. 

41316 | Woodbine, Towa |: Aug. )-/72|-Aug. 1612-3 oe lnote aoe | Aug. 18 Do. 

41435 | Edinburg, Va...| Sept. 4| Sept. § |..........|-.-.....__] Sept. 10 Do. 

41438 os atonn a, es Sept: S.9))232c2eeee be ee Sept. 11 Do. 

imn. | | | 
2 5) Ce eee eee, See foo Soke She I a eee | Sept. 19 | Seconds, cracked, and dirty 
eggs. 

41506 Edinburg, Va-...| Sept. 20 | Sept. 22 ends) Noo) | Sept. 25 Dirty and cracked eggs. 

41509 | Decatan, Inds, |: = ee | July 21 Sept. 24 | Sept. 26 Do. 
| and — 
woe, Wis. 
41551 | _ Blutiton, Ind....| July 19 | July 2 | July 23 |--......-- Oct. 3 | Seconds, cracked, and dirty 
eggs. 

ae —_—— Vaj May 5} May 7} May 7 oe 14 ae 15 “Do. 

PATRON! ie ec ape ee Apr. 13 | Oct. 13 | Oct. 17 | Do 

41645 | Michigan _______- Apr: 35012 Sea eee | Apr. 22} Oct. 25 | Oct. 27 Do 


1 Purchased at commission house; further history unknown. 
NUMBER OF EGGS CONTAINING BACTERIA. 


Only a few of the individual eggs examined contained appre- 
ciable numbers of bacteria. Two lots, Nos. 41192 and 41645, 
were exceptional in that nearly all the eggs comprising them har- 
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bored bacteria. Of the 2,052 eggs included in the 29 samples, 13.5 
per cent, as computed from Table II, were found to contain more 
than 100 organisms per cc. The remaining 86.5 per cent contained 
less than 100 organisms per cc, that is, they were practically sterile. 
Only 3.3 per cent contained over 500,000 organisms per cc. The 
percentage of eggs containing B. cola (2.8 per cent) was considerably 
less than the total percentage of the eggs containing bacteria. 

A very large percentage of the eggs comprising sample No. 41192 
had.both dirty and cracked shells. These eges were laid in July 
when the weather was very hot. It is highly probable that bacterial 
penetration and development took place between the time of first 
assortment in the producing section and final receipt in the con- 
suming center, as an interval of 10 days occurred between the date 
of shipping and that of grading in the commission house, during 
a portion of which period the eggs were without refrigeration. Had 
these eggs been utilized promptly in the first concentrating center, 
there is little doubt that only a few of them would have been found 
to contain bacteria. The results obtained in the case of these eggs 
show the importance of having eggs with defective shells opened 
as near the source of production as possible. 


TaBLE I1.— Variation in bacterial content of samples of individual eggs candled as good. 


Number of bacteria per cc. 


Num- 1,001 to 10,001 to | 50,001 to | 100,001 to Over 
Sam- | Date of | per | 0t0100. [101 to 1,000.) “¥o000. | 50,000. | 160,000. | 500,000. | 500,000. 
_ ple exami- of 4 
No. | nation. eggs. 
No. No. No. No. No. No. No. 
Ole tee C lato tenmencts|mcOle se xCtal, Of a |tesctal Of lib2ct.| of. |(R2cts| ob. |bect. 
eggs eggs eggs eggs. eggs eggs eggs 
1913 
41142 | May 23 72 71 | 98.6 1 TEAL: Val egos Seg eH ead [ce een | agen | MR a [Po a ee eto eae 
41143 | May 27 72 They NSU OTC) OAR we |i ie putea | es Pe Hi eh 5G Ie a ee ete Se eee) ae = 
41144 | May 29 72 GO) OES Sa sallssoces 2 2.8 | S Da Beene Beaten onesiceaesiccese 1 1.4 
41145 | June 3 70 OS LOOR OG Sasha bree See eee sles eee 2 tee ee ea ee ee Pea ed Oe os lle 
41146 | June 10 71 67 | 94.4 1 1.4 1 Teed ek peared Le Wea | Rae Deer oo 2 2.8 
41147 | June 12 70 Ore Ae 7 2 as Ohi | cae a | peri pe eae Ne cane ng eae as POP |e ee 1 1.4 
41148 | June 17 72 Pipl ees | EO) oe) Ges | feemete [Pate obey hea | rere allman ea ee a Seely steel ye, eal 1.4 
41149 | June 19 70 EN Tifiotk 5 deal 2 De pil Saree eee elas. S's sae. 3 | 4.3 6 8.6 
41161 | June 20 72 GORIODAOE esos |e | eens | ee 1 1.4 DS | LAS Se a eee 1 1.4 
41164 | June 24 69 67 | 97.1 1 IE GT eeese (Sree ial emer sal oe eoGl See een acne core 1 eo) 
41167 | June 26 72 la GOSS Os teste sara e al ser eel etal Seales || See a es ee ae Hee 1.4 
41169 | June 27 val Giza OA AS | Ee ese SR Nel RS ae ee ell cyan ee Se lS | ee a 4 526 
41175 | July 10 70 61 | 87.1 3 4.3 1 1.4 3 0. el ee eel PST [eyes oe re 2 2.9 
41178 | July 16 69 66.| 95.7 1 WAP eco |Se oeioc Mise 2 aleisk RRR Se | Se ea ae ele 2 2.9 
41180 | July 21 70 57 | 81.4 a elOs OU esha5| esac 1 UA es ae ee eps 5 Goll 
41182 | July 22 70 64 | 91.4 3 4.3 1 1.4 1 1.4 BASS 4s oh eel ae eee See ea 
41185 | July 23 71 67 | 94.4 MA Pass i Te STN ie Tra eee bg a (Ee re be Ce Fs See i 1.4 
41189 | July 25 72 66 | 91.7 1 oe Nes ne be Ro ee ea a ee pee eee ee 2a228 3 4.2 
41192 | July 29 GOs Peace ele oe AD Ook 11 |} 16.6 14 | 21.2 9 13.6 | 21 |31.8 7 | 10.6 
41316 | Aug. 18 70 63 | 90.0 3 4.3 2 7 aod etal eee el ons eel eyes ER ecto eee By WV Ps) 
41435 | Sept. 10 70 62 | 88.6 1 1.4 1 1.4 1 7: a ase leet oe ed aS aye 5 Weil 
41438 | Sept. 11 71 64 | 90.1 PF lek o hal aan | reir Sea Se ey ord Ieee ele a 4] 5.6 
41505 | Sept. 19 72 63 | 87.5 1 i eleseeelesetes 1 1.4 i hey ped Le eal 6 | 853 
41506 | Sept. 25 72 64 | 88.9 1 1.4 1 1.4 2) -2.8 Yip Ui a Fee 3 4.2 
41509 | Sept. 26 71 66 | 93.0 PMN PT Aah osm | rears I Soe Moe oe AIR ae earl |e, oA eae Ri) 42 
41551 | Oct. 3 72 63 | 87.5 GA Ded Del 2 Se licveters cal ece cera ail cosecerall re aed eee [ete | eae eee 
41594 | Oct. 15 71 63 | 88.7 As EDA Giese | Sana Soi sl aaa | ALE pee aA eee ol een 3 4.2 
41598 | Oct. 17 72 56 | 77.8} 13 | 18.1 1 1.4 1 5 Lay Fa eee | ae I a TB | 
41645 | Oct. 27 70 14 | 20.0 1b) Wee 19 | 27.1 LW Bs 7 6 | 8.5 AEA ty, CF 5 Welk 
Rotaly=*is-225. = 2,052 |1, 774 | 86.5 76°| 3.7-| -45 2.2 | 36 sé PAN) | UO) |) BB |p 1S 69 | 3.4 
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The eggs composing sample No. 41645 were low-grade seconds 
and cracked eggs sorted from April storage packed eggs. Although 
the bacterial findings in these eggs are extreme, they ‘afford a good 
example of what happens when undergrade stock, particularly 
cracked eggs, is held in storage for several months. Other investi- 
gations confirm the bacterial findings in these grades of eggs.! 

While the actual number of eggs in these two samples is small, 
they represent grades of eggs which come with more or less frequency 
to all egg-breaking plants. It is evident that it is not possible to 
prepare from them a uniformly high-grade product. ) 

The results obtained from the examination of these eggs, as pic- 
tured graphically in figure 1, show the condition in which the eggs 
under observation, wah ‘aod been candled as fit for food purposes, 


would have reached. 


2052 TOTAL NUMBER OF LECS LXAM/NED the consumer had 
7 ee they been sold in the 
shell. In other words 
, they show the limita- 
13.5 PEP CENT, CONTAINING BACTERIA tions of candling as 

ee the only method for 
2.8.PLR CENT, CONTAINING B&. COL/. determining the con- 


dition of market eggs. 


Fic .1.—Results of bacteriological examination of candled breaking It will appear subse- 
stock. 


SOE aa CED PRACTICALLY STERULE 


quently to what ex- 
tent the grading of eggs out of the shell is of assistance in the separa- 
tion of sterile eggs from nonsterile eggs. 


EFFECT OF CONDITION OF SHELL UPON BACTERIAL CONTENT OF EGG. 
DESCRIPTION OF THE EGG SHELL. 


The contents of an egg is protected by a shell and two membranes. 
The shell, which is composed largely of lime salts, is porous and is 
coated with a mucilaginous material which gives the bloom charac- 
teristic of newly laid eggs. The two elastic membranes which line 
the shell consist of microscopic fibers very closely interlaced. ,The 
outer tissue is much heavier than the inner. ‘The two separate at the 
large end of the egg and form the upper and lower walls of the air 
cell. Nature has thus provided a protective porous covering through 
which the respiration of the chick, during its embryonic develop- 
ment, may proceed. If the shell is not cracked it offers a very 
effective barrier against mold and bacterial penetration. If it is 
cracked, however, bacteria can more readily penetrate the two mem- 
branes. Egg handlers are familiar with the growth of mold in the 
crevices of a cracked shell.2, In a large number of examinations? 


of eggs containing molds, bacteria were found to be present in almost 


all instances, usually in large numbers. The contents of leaking eggs, 


1 Unpublished results. 2U.S. Dept. Agr. Bul. 51, pl. VI. 3U.S. Dept. Agr. Bul. 51, pp. 33-48. 
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that is, eggs in which the shell and both membranes are broken, may 
become contaminated directly. 

It has been stated by Kossowicz! that the shells of stale eggs offer 
less resistance to bacterial and mold invasion than do those of fresh 
eggs. Even the shells of clean eggs frequently harbor many bac- 
teria and also B. coli? 

‘Experiments have shown that bacteria and molds can penetrate an 
unbroken shell if it is in a moist condition. Water removes the 
mucilaginous coating naturally present on the shells and renders the 
fibrous membrane pervious to organisms. Hen feces and the con- 
tents of broken eggs when damp attach themselves to the shell. 
The dirt then becomes the carrier of the bacteria and the moisture 
presents the mechanical means necessary for their penetration. . 

In the second report ? of this series, a general survey of the litera- 
ture on bacteria in perfectly fresh eggs was given. Since this bulletin 
was published, Rettger+ has discussed the results of the bacterio- 
logical examination of 20,000 newly laid eggs. His findings corrob- 
orate those of previous investigators, namely, that, with but few 
exceptions, strictly fresh eggs are sterile: and those which do con- 
tain bacteria have them only 1 in small numbers. These bacteria are 
too few to affect the use of fresh eggs for food, but their presence or 
absence determines the ideal for eggs. The maintenance of low bac- 
terial contents in eggs and egg ¢ products, therefore, is one index of the 
efficiency of ege-handling operations. 

Many examples of eggs with high bacterial content are given in 
Department Bulletin 51. It is interesting to note that in those eggs 
in Which both the white and yolk were examined, the number of bac- 


teria was markedly greater in the white than in the yolk, a condition 


indicative of bacterial penetration from the exterior. 
EGGS WITH SOUND, CRACKED, AND LEAKING SHELLS. 


As a large percentage of the breaking stock of the cooperating egg- 
breaking plants consisted of eggs with defective shells, a detailed de- 
scription was made of the condition of the shell of each egg in the 29 
experimental samples examined in order to determine the effect of a 


dirty or damaged shell upon the condition of the contents. The re- 


sults of this study are given in Table III and in figure2.  ——_ 
The possibility of bacterial penetration increases with the amount 

of damage to the shell. The percentage of eggs containing bacteria 
was as follows: 8.7 per cent of eggs with sound shells, 18.6 per cent of 
egos with cracked shells, and 30.7 per cent of eggs mith leaking shells. 
(Table III, Part I.) The percentage of eggs contaiing B. coli was 
found also to be dependent upon the condition of the shell (Table IIT, 
Part ERD: 

1 Kossowicz, Alexander. Die Zersetzung und Haltbarmachung der Hier, pp. 42-54. Wiesbaden, 1913. . 

2 Bacteriological Studies on Eggs. Kansas State Agr. Col. Exp. Sta., Bul. 180. 1911. 


3U.S. Dept. Agr. Bul. 51, pp. 3, 4. 1914. 
4 Centbl. Bakt., [ete.]-2 Abt., 39 (1914), 611-624. 
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The number of bacteria in the eggs which contained organisms 
varied widely for the three groups, as can be seen from Part II of 
Table III. This is what would be expected, because after bacteria 
have once entered an egg the number present depends upon condi- 
tions favoring growth, such as warm temperatures. 

These data substantiate the popular belief that organisms may 
penetrate eggs with sound shells if unfavorable conditions, such as 
filth, moisture, and high temperatures, are incurred during marketing, 
but not to such an extent as they penetrate cracked shells. The 
chance of contamination is greater in the case of leaking eggs, owing 
to exposure of the contents. 


‘ WHOLE GRRL FR 187% 


CGACKED " 


LeAKINGN SO7% 


Fic. 2.—Relation of bacteria to soundness of shell. Total bar= per cent containing 
bacteria. Black portion of bar = per cent containing organisms fermenting lactose 
bile. * 


TaBLeE III.—Relation of bacteria -in eggs to soundness of shell. 


I. EGGS CONTAINING BACTERIA, 


sin Number | Number Per cent 
Description of shell. examined. positive. | positive. 
Whole: foc ess set nee od ten | 11,167 | 101 8.7 
Cracked 525-3 3 355 hee ee Se ee aes 784 146 18.6 
TRC ARANG S22 eee woman be ap ee ee Sn eee ee en eee | 101 31 30. 7 
POtals Sosa ek Sop Se Cees ee Cees ne | 2,052 | 278 | 13.5 
129 blind checks, 2 of which (6.9 per cent) contained bacteria, are included in this number. 
Il. VARIATION IN BACTERIAL CONTENT OF EGGS CONTAINING BACTERIA. 
Number of bacteria per cc. 
eae i pe a gg aN Sy 
Total 
101 to 1.000 1,001 to 10,001 to 50,001 to 100,001 to Over as 
Description of shell. Deis ia 10,000. 50,000. 100,000. 500,000. 500,000. Pav 
PR a ae eas Poses ar pees Pun ee Es mos Bee | BREE: 
Num-| per NUM) per (NUM) per Num! pep [NUM per (NUM) por | 
ber | cent. | Pe |cent.| Pet | cent. | Pe | cent. | Pet | cent. | Pet | cent 
| eggs. | ~~ | eggs. *| eggs. > | eggs. “eggs. ~~ exes 
Whole: seo Sows r 33 | 32.7 15 | 14.8 Sy 7-9 9] 8.9 i 6.9 29 | 28.7 101 
@racked 2-255: | 30 | 24.0 24 | 16.3 25 | 17-1 10 | 6.8 20 | 13.7 32 | 21.9 146 
Leaking. So. Sess 8 | 25.8 6 | 19.4 3 9.7 1S ae 5 | 16.1 25. 8 31 
Total) -e-2e | 76 | 27.4) 45/162| 36 | 12.9 | 20| 7.2/2 ae | 69] 24.8] 278 


Ill. EGGS CONTAINING ORGANISMS FERMENTING LACTOSE BILE. 


acre Number Number Per cent 

Description of shell. examined. | positive. | positive. 
Wihole soe. = 22 ee os sc Ie Sa 1,132 6 1.4 
Cracked!» = o.2520% in Sa Sree ee ee ed ere a 751 32 4.3 
eaking och ee EE Ee eee eee 97 8 8.2 
Total 03. Soe es eae Ce rae 1, 980 56 2.8 
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As would be expected, the percentage of eggs containing bacteria 
is less in eges with clean shells than in those with dirty shells, and the 
percentage of eggs with bacteria becomes greater as the damage to the 
shell increases. The percentage of the eggs which contained bacteria, 
as shown by Table IV, Part I, and by figure 3, was as follows: 7.5 
per cent for clean whole eggs, 10.8 per cent for dirty whole eggs, 17.2 
per cent for clean cracked eggs, 23.2 per cent for dirty cracked eggs, 
28.2 per cent for clean leakers, and 39.1 per cent for dirty leaking 
egos. 

The number of eggs harboring B. colt was also affected by the con- 
dition of the shell. Inasmuch as the number of leaking eggs exam- 
ined for B. colt was too few to warrant conclusions, the few results 
obtaimed from them are grouped with the cracked eggs. Table IV, 
Part III, shows that 0.3 per cent (no more than the pronenle chance of 
eel error) of the clean whole eggs, 3.4 per cent of the dirty 


WHLOLE 
CRACALD 


LEANING 


SIL % 


Fic. 3.—Relation of bacteria to soundness and cleanliness of shell. 


whole eggs, 3.7 per cent of the clean, cracked, and leaking eggs, and 
7.8 per cent of the dirty, cracked, and leaking eggs, contained these 
gas-producing bacteria. 

It can be seen from Table IV that the percentage of eggs containing 
B. coli is practically the same for the clean, cracked, andl leaking eggs 
as for the dirty eggs with whole shells. This is explamed by the 
large number of these organisms in the hen feces, the most prevalent. 
form of filth on hen’s eggs. 

The marked contrast between the bacterial content of eggs with 
clean sound shells and those with cracked or dirty shells, or both, 
emphasizes the care which farmers and carriers should exercise to 
prevent the soiling and damaging of shells. 

The methods followed at present by the more progressive and care- 
ful egg handlers show that considerable care is berng taken in the 
handling of eggs. When eggs are being prepared for cold storage, 
packers aim to remove by inspection and by clicking all cracked and 

62492°—Bull. 391—18——2 
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leaking eggs, because it has been observed that such eggs become 
moldy or otherwise deteriorate much more quickly than eggs with 
sound shells. For the same reason dirty eggs are not held in storage 
in very large quantities, nor for a very long period, although the 
deterioration of such eggs is not so rapid as is the case with cracked 
and leaking eggs. The observations of practical egg handlers, as well 
as laboratory results, show clearly the necessity for breaking dirty 
and cracked eggs as promptly as possible and preserving them in 
a frozen or dried form. 


TaBLeE I1V.—Relation of bacteria in eggs to cleanliness and soundness of shell. 


I. EGGS CONTAINING BACTERIA. 


Cleanliness |- Number Number Per cent 

Soundness of shell. ofshell. | examined. | positive. positive. 
EW O 1G cc ee i re es ee eee eevee ne ees ere Clean... .. 760 57 7.5 
DOSE a. aoa ees oe eens Mena = site cen ae eee Dirty se. ; 407 44 10.8 
@TACKeGs oie aes cee teats a amas onl ee Serene ene a ee Clean... .. 599 103 17.2 
DO. ee ee Ee eee ee anaes Dirty aes 185 43 23.2 
DRE art 022 ee peat a ee gr Pe cere al St gee ge eS OT Clean... .. 78 22 28. 2 
1D ER Ree SSSR eR CAR eRe Sore ASE Sa cen coos Aone Dirty 5: 23 9 39.1 
RO GRE een ew ee ee Cette Sete Raft n. SES Sue Slee Ce reeee 2,052 278 13.5 

\ 


II, VARIATION IN BACTERIAL COUNT OF EGGS CONTAINING BACTERIA. 


Number of bacteria per cc. 


-1,001to | 10,001to | 50,001to | 100,001 to Over | Potal 


Description of shell, | 101 £01,000: |” ‘yo o00. £0,000, 100,000. | 500,000. 500,000, | RUm- 
of 

-| Per Num Per N Per N er Nu Per Num- 12; ae 

ber of Cant ber of Conit ber of Cane ber of na ber of cent. | Pet of cate 

eggs "| eggs eggs eggs "| egg ggs 
Whole and clean..... 22 | 38.8 10 |} 17.5 So leesae 3 5. 2 41 7.0 £57 122623 57 
Whole and dirty..... 11 | 25.0 aA: By | 1ited! 6 | 13.6 3 6.8 14} 31.8 44 
Cracked and clean... DAM E2353 QI S20 54 SS Oat eee: AEN Bus UBS | WAR OPA NEPA Ny 103 
Cracked and dirty... 2556 3 6.9 6 | 13.9 Gr letoe9 12623 LOD s2Sas 43 
Leaking and clean... 6) 2723 Paleaoerd 2 9.1 1 4.5 SalelomO Spe 22 
Leaking and dirty...| 2) 22.2 Tele: Tiel rE Bey eae | Fe FAG 3 | 33.3 9 
6 


Moatal seeks (sk Nene a5 |S ee 3 | fea oy al oye hata 60 te: 278 : 


III. EGGS CONTAINING ORGANISMS FERMENTING LACTOSE BILE. 


Cleanliness} Number Number Per cent 


Soundness of shell. ofshell, | examined.| positive. | positive. 
NV OIG Sat foie ste Se as Se “aes eet eee ae Clean..... 727 2 0.3 
Dossier ae eens ge ee Dirty..... 405 14 3.4 
Cracked and Jeaking.._....__..-.. Me etd. eget OO lie ool rae Clean’... ..) 645 24 Seid 
DO orcas cain seis asa ata ee gene ne obirhyeees 203 16 7.8 
Total... 52. ose SB Reet 2 ie Se ee ee 1,980 56 2.8 
a a a ed 


ACCURACY IN COMMERCIAL GRADING OF OPENED EGGS. 11 


RELATION BETWEEN THE NUMBER OF BACTERIA AND THE PHYSICAL 


CONDITION OF THE EGG CONTENTS. 


CONDITION OF YOLK. 


The physical condition of an egg indicates to a large extent its 
state of preservation. The white of a strictly fresh egg is stiff and 
the yolk stands up firmly, as can be seen very clearly from Plate I.1 
As the egg ages, the white becomes thinner, the yolk flatter, and 
the vitellme membrane weaker. When a stale egg is opened, the 
vitelline membrane frequently is ruptured and the contents of 
the yolk flows into and through the white, as illustrated in Plate 
Iii? This type of egg is commonly called a ‘weak egg” or a “‘soft 
ege,”’ and occurs most frequently in summer weather. Fertile eggs 
showing advanced hatch spots almost invariably contain weak yolks. 

Eggs produced in the spring of the year generally have a firm 
consistency; that is, both white and yolk have the viscosity of the 
fresh egg. Occasionally it happens that a portion of the contents of 
the yolk has seeped through the vitellme membrane into the white 
in sufficient amount to give it a yellowish tinge. (See Plate IL.) 
Although this condition prevails before the egg is opened, it is rarely 
detected by candling. 

Because of their physical condition neither ‘‘soft eggs” nor eggs 
with incipient seeping yolks can be separated satisfactorily into white 
and yolk. These eggs appear to have whole yolks before the candle. 
If, on breaking, their odor is normal and the white not green, they 
may be considered suitable for baking and cooking. When the seep- 
age of the yolk is so advanced that it extends entirely through the 
white, the egg should be discarded. Such an egg has the appearance 
of a mixed rot before the candle.® 

Further deterioration in the shell of a “weak ege”’ or “‘soft ege”’ 
results in the final rupture of the vitelline membrane and a partial 
mixing of white and yolk. This egg, which is one type of a mixed 
rot, is illustrated in Plate IV. The physical mixing of the white and 
yolk progresses until the egg becomes what is known as an addled 
egg or a white rot. Frequently, eggs containing blood rings or adher- 
ent yolks pass through the different stages of deterioration until. 
they become addled eggs. | 

It was found that the percentage of eggs with bacteria increased 
with the physical breaking down of the yolk, as shown by Table V. 
The percentage of eggs containing bacteria was as follows: 10.6 for 
eggs with whole yolks, 22.7 for soft eggs, and 43.5 for eggs with 
partially addled contents or with yolks adherent to the shell. 
The results of the examination of eggs with partially or entirely 


1 Reprint from U.S. Dept. Agr. Bul. 51, pl. I, and U. S. Dept. Agr. Bul. 224, pl. XVII. 
2 Reprint from U.S. Dept. Agr. Bul. 224, pl. XIV. 
3U.8S. Dept. Agr. Bul. 224, pl. XVI. 
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deteriorated yolks harmonize with those obtained in previous in- 
vestigations.’ 

These findings also show that a very large percentage of “soft 
eggs’? consisted of sterile eggs. Consequently, the first stages of 
deterioration in the yolks of such eggs in most instances can not 
be ascribed to bacteria. 

Deterioration in eggs that is not due to the presence of bacteria 
may be the result either of the action of native enzyms? or of 
osmosis* of water from the white to the yolk, thereby causing the 
vitelline membrane to stretch and become weakened. It was the > 
aim of the candlers at the commission houses to exclude eggs with 
adherent yolks or addled contents, but through error in candling a 
few of such eggs were present in the samples. 

Part III of Table V shows that a larger proportion of the eggs 
with broken yolks contained bacteria than did those with whole 
yolks. 

TaBLe V.—Relation of bacteria in eggs to condition of yolk. 
I. EGGS CONTAINING BACTERIA. 


Number Number Per cent 


Deseripiion of yolk examined. | positive. | positive. 


WWinhO1G see ee se See Bee eee cone eee eee eee 1,588 168 10.6 
Broken=. 6 92s22- cc eet Se a ee ee ee ee 441 100 22.7 
A ORETENT OF AGGIGG . 2 ane ee Se ee oe eee ee ee te Se Ree ee 23 10 , 43.5 

Totals oe Deed WN eae BA aE ie 8 Sa 2,052 | 27 13.5 


| Number of bacteria per ce. 


101 to 1,001to | 10,001to | 50,001to | 100,001 to Total 
Description of yolk. 1,000. 10,000. 30,000. 100,000. 500,000. num- 
- reeves MeeVee ae os tee Mr Se ber of 
R Is an-| N = 
|Num- \Num-! N um- Num-) Num- jum- 
ber of chet ber of) ke! iber of pee ber of oe ber of Zee ber of Per 
eggs "| eges "4 Opps. [w - Leees. | * | eggs. 4 
Sueeee Perr Ba bet Ct eri’ a es ee 
Whole! Sst 2 | 54 | 32.1 28 | 16.7 20 | 11.9 il | 6.5 19 | 11:3 168 
Broken 202s oe 21°j/ 21-0 15 | 15.0 16 | 16.0 8} 8.0 12 | 12.0 100 
Adherent or addled. 1} 10.0 2). SQ. eee oe 1} 10.0 1 | 10.0 10 
| | 278 


Ill. EGGS CONTAINING ORGANISMS FERMENTING LACTOSE BILE. 


Number Number Per cent 


Description of yolk. examined.| positive. | positive. 


WihOIG 2. oc eco s cc tlk CS eee ee ee ee ee 1,527 30 2.0 
Broken). 2) 2.022 ee eee eee ee 431 21 4.9 
Adherent or addled ...2:. =. -22. {baa ee. eee eee 22 5 22.8 

Total... .--22.02.2..f ee 1,980 | 56 | 2.8 


1U.S. Dept. Agr. Bul. 51, pp. 29, 30, 53, 54. 
U.S. Dept. Agr., Bureau of Chemistry Cir., 104, pp. 4, 5. 
3 U.S. Dept. Agr., Bureau of Chemistry Cir., 83, p. 3. 


ACCURACY IN COMMERCIAL GRADING OF OPENED EGGS. 15 
POSITION OF YOLK. 


When viewed before the candle the yolk of a perfectly fresh egg 
is found to be located slightly above the meridian and is symmetrical 
with the long axis of the egg. It is indistinct in outline and moves 
very sluggishly as the egg is turned. As the egg ages the yolk appar- 
ently becomes more opaque and may settle against the lowest part 
of the shell. : 

Of all the eggs studied 1,795, or 87.5 per cent, were eggs with free 
yolks; 248, or 12.1 per cent, eggs with yolks settled close to the shell, 
but not adhering; and 9, or 0.4 per cent, eggs m which the yolks 
were either addled or adherent to the shell. Fewer eggs with adher- 
ent yolks or addled contents are listed in Table VI, which gives the 
results of examination of eggs graded by the candling method, than 
are listed in Table V, where the eggs were graded out of the shell. 
The reason for this is that eggs with slightly adherent yolks are often 
difficult to detect by candling, especially if the shell is brown. 

These results confirm earlier studies ‘ of similar eggs, in that they 
show that a settled yolk is not in itself an indication that the egg 
contains bacteria. 


TaBLE VI.—Relation of bacteria in eggs to position of yolk. 


TI. EGGS CONTAINING BACTERIA. 


Tum- 

aes ae Per 

Ane : er | cent 

Position of yolk, bee posi- | posi- 

rag. tive. | tive. 
IDPEO TONIN AO oe 8 oes ee ego Ge Se Se ee ees ge es el eee 1,795 |, 241 | 13.4 
SHH iG ae ee ie eee Fe a cy a Beas ean end mc aoe ec 248 3231; 1259 
Addled or adherent...... po Shite a oi en Sm lsine fe el wenn Bae Fe ee ee ete SU 9 ele aso 
EUs 32 SES S08 Sas one Space et be Sh OCC ESS aS OES SA ae DORE SSE See es Mie eae 2,052 | 278} 13.5 


Il. VARIATION IN BACTERIAL CONTENT OF EGGS CONTAINING BACTERIA. 


Number of bacteria per cc. 


101 to 1.000 1,001 to 10,001 to 50,001 to 100,001 to Over Total 
2 © - 5 = 
Position of yolk. 10,000. 50,000. 100,000. 500,000. 500,000. Bene 
eggs. 
Num- Num- Num- Num- Num-! Num- 

ber of ee ber of mer ber of Ba? ber of cece ber of) eee ber of Peer 

eggs. * | eggs. "| eggs. "| eggs. *| eggs. | eggs. : 
Free moving.......- 65 | 27.0 44 | 18.3 31 | 12.9 19 7.8 29 | 12.0 53 | 22.0 241 
Nettled@—s-. > TOMIESIS QE Seat ee |Aoceee lel 556. die Be Ik 3} 9.4 13 | 40.6 32 
Addled or adherent... 1} 20.0 ZO 8 Ol eres Er |aos240)/855252 [es8a5< 3 | 60.0 5 
Total........-. ee | Hee PGs eos bo yh ee 3) | eon | Rylaees | 278 


1U.S8. Dept. Agr. Bul. 51, pp. 12, 30, 31. 
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Taste VI.—Relation of bacteria in eggs to position of yolk—Continued. 


Ill. EGGS CONTAINING ORGANISMS FERMENTING LACTOSE BILE. 


Number Number Per cent 


BositionlotyyOTc examined. | positive. | positive. 
BTECIMOVING Ath Gis. Eee eee Se SLs Rae Sh Sa eae ee eee 1,735 48 2.76 
Settlednoo 7: Sess c< Se Es ey Ne eer Bcc) fae, Sat eee ae 236 of 2.97 
Addiled’oriadherentssecies2 0 see se gees cee See eee 9 1 11.11 
Total: ste-jsceves ersten. kag cere seaees). Oe ee he ae a ee 1,980 | 56 Dey 


DESCRIPTIONS AND BACTERIAL COUNTS OF EGGS GRADED OUT OF 
THE SHELL. 


The fitness for food purposes of eggs sold in the shell is determined 
in the industry principally by candling. In addition to this exami- 
nation, the progressive concerns which are preparing frozen and desic- 
cated eggs grade each egg very carefully out of the shell according 
toits odor and appearance. Practically all of the cooperating houses 
used clear, uncolored glass cups in examining the eggs to facilitate 
grading, as the physical condition of an egg is seen more easily in 
a transparent than in an opaque container. Many eggs with heht 
green whites are not detected in a metal cup because the container 
masks the color. 

The system of grading worked out in the cooperating plants was 
used for the grading of the eggs when removed from the shell. An 
egg in which the yolk was whole, the albumen clear, and the odor 
normal was graded as good. If the yolk appeared whole before the 
candle but broke when dropped into the cup and the odor was good, 
the egg was graded as fit for food purposes. Any egg in which the 
yolk had so deteriorated that it was materially mixed with the white 
was discarded, even though there was no odor, as were also all addled 
eggs, the aisamneed stage of this type of egg. Eggs with heavily 
mottled ‘yolks were graded as bad. (See Plate II.) All eggs in which 
the yolk clung to the shell, even to aslight degree, all eggs with green 
whites, and eggs conenune diffuse blood or embryos showing blood 


rings were rejected. Eggs with an unpleasant odor, for example, 


musty eggs, sour eggs, and very strong eggs—eges in which the 
natural odor of the egg is increased—were classed as bad. The 
descriptions and bacterial findings in the case of a typical lot of 
individual eggs are given in Table VII. 

Of the eggs in the experimental samples which had been passed by 
the candlers as edible, 171, or 8.3 per cent; were classed as bad when 
graded out of the shell by appearance or odor. Had these inedible 
eggs been sold in the shell their condition would not have been seen 
until they were broken by the consumer. They would be eliminated 
by the trained breaker from frozen products. 
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ACCURACY IN COMMERCIAL GRADING OF OPENED EGGS. 


TasLeE VIII.—Bacterial findings in eggs graded out of the shell. 
I. EGGS CONTAINING BACTERIA. 
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Number Number Per cent 
Guede, examined. | positive. positive. 
GOD Cree ee ae re ae eet OE epee eo aa isin yo ik, Ss are Syn erences ate holnie ale 1, 881 225 12.0 
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UNGER Jao cone abo dbo SGeScdo bc CO Sned Ss BOSE nay eee aE ere Sar Semners sae 2, 052 278 13.5 
Il. EGGS CONTAINING ORGANISMS FERMENTING LACTOSE BILE. 
COO ee ese oes toniae soso ciate ee oiscie Se cieeis Siawisis ce cece cee SuSeee 1, 809 40 2.2 
IBEX re ot ho ecia do ODOR D Ob ao CE Ee IEEE i Certs SAREE as a i 171 16 9.4 
GING er eee me ee oe eke a 1, 980 | 56 | 2.8 
TaBLE 1X.—Lggs containing bacteria and graded out of the shell as good. 
Number of bacteria per cc. 
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1,000. 10,000: 00,000. 100,000. 500,000. 500,000. Total 
Sample No. number 
of eggs. 
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ANA GR e ee esse TAU OO) NS Se Beals ee ell Someta isle aril oe ave ee oe Uae eg | ne 1 1 
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ANOS Shae Be ee oe Agora a lpaeeegacs|isyees arses soon Roe a 1b Ses enor) etree 2 | 28.6 7 
AND OSies Senos: 12 | 80.0 a eRGar/ INGA, Wel eee gaara Se Let OY GIorasees rreeee 15. 
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A bacteriological examination of the eggs graded out of the shell 
as edible showed that 12 per cent contained bacteria and 2.2 per 
cent B. coh. (See Table VIII.) The bacterial content of the great 
majority of the individual eggs included in the edible group, 
however, was low, as may be seen from Table IX. The variation 
in the counts of the eggs containing bacteria was as follows: 65.3 
per cent were under 50,000; 16.9 per cent were over 500,000; and 
the remainder were between these two limits, 
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Of the total number of eggs which had been graded by the candle 


as edible, 69, or 3.4 per cent, were found to contain over 500,000 
organisms per gram. (See Table Il.) Nearly half, or 44.9 per cent, of 
these eggs, as computed from Tables I, IX, and XIII, were detected 
when graded out of the shell and elimimated from the composite 
samples. The remaining 55.1 per cent did not show either by appear- 
ance or odor that they were infected, and would have been used by 
egg breakers. A record of the appearance of each of these infected 
eggs is given in Table X. 


EFFECT OF CONTAMINATED EGGS UPON COMPOSITE PRODUCTS. 


The bacterial contents of the composite samples prepared from the 
eggs graded as good were in proportion to the degree of contamination 
of the eggs constituting them. The percentage of eggs containing 
bacteria in liquid mixtures composed of 69 to 72 eggs varied from 0 to 
21.1 per cent, except in two samples which showed 73.2 per cent and 
100 per cent. These samples represent lots 41192 and 41645 already 
discussed as exceptions on pages4 and 5. The bacterial counts of the 
composite samples varied from 0, where all eggs were sterile, to 14,000, 
000, where the percentage of eggs with bacteria reached 81.3 per cent. 
(See Table XI.) 

The percentage of eggs containing B. coli varied from 0 to 41.8 
per cent in the different composite samples. The number of B. coli 
contributed to the composite product by the individual eggs varied 
from 0 to 500,000 per gram. 

The percentage of ammoniacal nitrogen in the 29 lots of eggs was 
practically the same as that found in the commercial samples of 
frozen eggs. (Tables XI and XI1.) 

A survey of the bacterial counts given in Table XI shows decided 
similarity to those obtained in samples from the plants which have 
been cooperating in this investigation (see Table XII), and which 
have put into practical application the information obtained in the 
laboratory. Apparently certain eggs the condition of which can not 
now be detected by the senses are carriers of bacteria. However, itis 
very seldom that such eggs cause in the composite sample a bacterial 
count of more than a few millions. There is an agreement, also, 
between the number of B. coli in the commercial samples of well- 
handled eggs and the number found in the samples reported in this 
investigation. 

In the cooperating plants the eggs were handled in refrigerated 
rooms, broken according to a routine involving strict cleanliness, 
and graded in accordance with the best available information. 
Faulty grading of the breaking stock either during candling or 
breaking may result in serious bacterial contamination of the product. 
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Contamination of the product during manufacture was minimized. 
The rooms in which the eggs were broken were lined with concrete, 
the walls were enameled in white, and all the windows were kept 
closed so that dust could not enter. As an additional precaution the 
windows were at least triple paned for insulation. All utensils were 
frequently washed and sterilized and clean apparatus was substituted 
during breaking whenever any utensil was contaminated by a bad 
egg. The two principal extraneous sources of bacteria which could 
not be controlled entirely were the shells of the eggs and the fingers 
of the breaker. 
by frequently drying the fingers on tissue paper, the number of 
bacteria derived from these sources was greatly minimized. 

The presence of bacteria in commercial frozen and desiccated eggs 
is due to two causes, namely, contamination during preparation and 
the quality of the raw material used. In Department Bulletin 224 it 
was shown that improperly cleaned utensils and faulty manipulation 
of the egg during breaking contributed many bacteria to the product 
during the process of preparation. In Department Bulletins 51 and 
224, and in the present paper, it has been shown that the bacterial 
count of the finished product decreases in proportion to the quality 
of the eggs used. 


TaBLE XI.—Laboratory findings in composite samples of individual eggs graded as good. 


By washing the hands after breaking a bad egg, and — 


Teer Bacteria per gram on plain agar | Eggs Ammoniacal 
Num- eges in incubated at— Gas-producing contain-| nitrogen. 
pa ber of |sample bacteria per ree Mois- 
i © 'eggsin| con- gram in lac- qe ture. 
°- /sample.|tribut- [ tose bile. partes 

ing bac- 20° C 37° C ria Wet Dry 

teria. : basis. | basis. 
PS Ch4\--Ea Cie 
41142 69 () Less than 100 Less than 100 | Less than 100 0 | 0200195). 52-2 chee 
41143 72 0 Less than 10 Less thar 10 0 0} .0013 | 0.0048 | 72.87 
41144 68 iL 1°0 Less than 10 0 1 - 0015 - 0055 | 72.96 
41145 67 0 650 550 100 0 . 0024 0087 | 72.45 
41146 68 ! 2 600 Less than 100 | Less than 100 1 0G8S' . 0067 } 72.96 
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41175 58 8 19, 000 19, 000 1, 000 1 - 0021 -0076 | 72. 22 
41178 65 -! 2 65, 000 58, 000 0 1 - 0018 - 0065 | 72.34 
41180 63 10 3, 200, 000 350, 000 0 3] .0021 | .0076 | 72.28 
41182 59 6 1, 200,000 13, 000 0 0 . 0024 . 0089 | 73.11 
41185 69 3 1, 700 1, 000 100 4 » QO22 sak. ee ee 
41189 68 | 8% 40, 000} 50,000 | Less than 100 |.....--- - 0018 . 0067 | 73.25 
41192 55 | 5b lacie oeecls soils alle eee Chet eee ella eee ees 23 . 0020 . 0076 | 73.69 
41316 60 | 5 | Less than 1, 000 iiaees than 1, 000 10 1{ .0015 | .0055 | 72.70 
41435 62 | 5 52, 00 53, 000 10, 000 3 . 0022 -OO81 | 72.82 
41438 60 5 2, 400, 000 2: 200, 000 500, 000 4 . 0022 . 0080 | 72.38 
41505 65 | 5 | 410, 000 430, 000 0 2 22. O21 |e eee 
41506 69 | 6 3,500 1, 000 1, 000 2 . 0017 .0063 | 73.17 
41509 69 | 4 | 140, 000 170, 000 0 1 . 0020 0074 | 72.85 
41551 70 | 9 | 1, 100 1, 100 0 0} .0014 |) .0052 | 73.13 
41594 69 | 7 3) ie 000 550 0- O' |S... Sadie ss eee 
41598 71 15 , 000 400 0 0 . 0021 .0074 | 71.69 
41645 64 | 52 14, 0007000 10, 000, 000 0 0 - 0015 . 0054 | 72.05 


1 The bacterial counts of these eggs are given in Table IX. 
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_. Other conditions being equal, eggs with cracked and leaking shells 
give a product with a higher bacterial count than do eggs with 
shells that are sound, even though dirty. Frozen or dried eggs made 
from summer and fall breaking stock have fewer bacteria than similar 
products made from spring breaking stock. The breaking of eggs 
as near the source of production as possible results in the presence 
of fewer bacteria in products prepared during the warm portion of 
the season. 

TaBLeE XII.—General summary of laboratory results on commercial samples of frozen 

egg taken in three houses during 1912) 


I. BACTERIOLOGICAL RESULTS. 


Percentage Number of organisms per gram. 
Naamabera| OL sai ple 
Shc with 
Description of sample. a ae les, | Counts over}, a | 
*| 5,000,000 Average. | Minimum. | Maximum. 
per gram. 
Liquid eggs: 
NV slain GES ersten Bae cies ee Ss a 39 2.6 2 350, 000 100 7, 500, 000 
INGO KS PG ie aes Br Se PRE Se Ey yh aot 54 5. 56 3 530, 000 200 7, 500, 000 
WHO Si Gotigss aseetenes wee Ske eee eee 47 21.28 | 2,700,000 340,000 | 11,000,000 
Mixed eggs from D house........-.------ AGin| So eae reer 1, 000, 000 5, 100 3, 300, 000 
Mixed eggs from F house.........------- 12 8.33 | 1,700,000 470, 000 6, 800, 000 
Weak leg esre eee! sass SP Tee ere a 53 5.88 | 1,300,000 500 6, 000, 000 
SO CUS a ooesecee aeons be ee ee eee 13 46.14 | 20,000, 000 130,000 | 80,000, 000 
Il. CHEMICAL RESULTS. 
Percentage of ammoniacal nitrogen. 
Num- Percentage of moisture. 
Description of ber of Wet basis. Dry basis. 
sample. sam- : 
ples 
Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- 
age. | Mum. | mum.| age. | Mum. | Mum.| age. mum | mum. 
Wihiteses.. = 2222-2 =~ 13 | 0.0004 | 0.0002 | 0.0006 | 0.0031 | 0.0016 | 0.0049 | 87.37} 86.96 88.31 
WMOlkce es sae oe 23 | .0032 | .0024] .0045|] .0076) .0054| .0103 |) 57.88; 53.64 64.06 
Whole eggs. -.....--- 43 | .0021 | .0016 | .0024 | .0074] .0054] .0087 | 72.33 | 70.23 74.17 
Mixed eggs from D 
WN OUSC rst. 5. se 34] .0020} .0014 |. .0025 | .0067 | .0046 | .0082} 68.88] 68.33 71.43 
Mixed eggs from F 
INOUSC 2: hose = seer - 10 | .0023) .0017 | .0027 | .0071 | .0053 | .0082 | 68.06} 67.00 70. 81 
Leaking eggs........ 37 | .0020/ .0013 | .0028 | .0065 | .0047) .0080|] 69.63 | 64.12 72. 83 
Sotherssoe 11 | .0023 | .0018} .0031 | .0080| .0066} .0098 |) 71.24} 67.04 72.99 


: 1U.S. Dept: Agr. Bul. 224, p. 20. : : 
2 One sample with an exceptionally high count not included in this average. 
3 Three samples with exceptionally high counts not included in this average. 


EGGS REJECTED DURING GRADING. 


EGGS WITH UNDESIRABLE ODOR. 


The important part which the sense of smell plays in the grading of 
breaking stock is shown by the fact that 90 or 52.6 per cent of the 
rejected eggs, as computed from Table XIII, were eliminated because 

of an abnormal odor. One-half of the eggs discarded because of odor | 
were musty, and the other half had bad odors of various kinds. 

The eggs are classified in Table XIV according to odor. The first 
eroup consists of 16 eggs with a bad odor. The laboratory examina- 
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tions showed that 11 contained bacteria, and 7 of these eggs were 
heavily contaminated. It is probable that absorption from sur- 
rounding materials accounts for the abnormal odor in the other 4 
eggs. Operators of cold-storage warehouses have found that eggs 
stored in the same room with fruits, such as oranges or lemons, absorb 
the odors of such fruits. When eggs are opened in the break- 
ing plants many varieties of absorbed odors are encountered. 
Eggs with the odor of kerosene or moth balls are not uncommon. 
Both materials are used in hen houses to inhibit the development of 
vermin; one as a spray and the other as a nest egg. 

Mold infection very frequently is associated with the presence of 
both bacteria and molds. It isnot unexpected, therefore, to find that 
fully two-thirds of the eggs with a moldy odor contained bacteria. 

It has been found that sour eggs are very heavily contaminated 
with organisms of the B. coli group and that they often contain 
- bacteria In numbers equal to those found in black rots.2, Only 5 sour 
eggs were present in the 29 samples. In two istances the egg was 
graded as a ‘‘doubtful sour,” as it was not always possible to deter- 
mine conclusively the dividing line between a sour egg and one that 
was not sour. This accounts for the sterility of two of the eggs in 
which it was not certain that the odor was sour. 

Considerable care is exercised in the cooperating plants in the 
grading of eggs with abnormal odors. All eggs, even if they ap- 
pear sound, are smelled carefully, and if there is any doubt as to 
whether the odor is due to absorption or spoilage, the questionable 
egg is discarded. 

The musty egg has a peculiarly characteristic odor and taste. In 
some cases its odor resembles that of old fillers and flats, in others 
that of certain kinds of weeds or of spoiling hay or chaff, and in 
still others the odor of sprouting potatoes. As its condition can not 
be seen by the candle, a musty egg must be detected by its odor 
out of the shell. Its odor can not always be expelled by cooking. 
The possible presence of such an egg in breaking stock and the un- 
fortunate results which are likely to occur-if it is present in cake or 
cookie dough made egg breakers realize that eggs must be graded 
out of the shell as well as by the candle. 

Egg handlers frequently do not distinguish between moldy and 
musty eggs, although the two are distinctly different. The moldy 
egg is caused by the growth of molds in the egg substance and has 
an odor characteristic of damp cellars. The musty egg usually is 
normal in appearance, in fact it frequently resembles a perfectly fresh 
egg. Occasionally, however, a musty egg with a green white is 
encountered. 


1U.S. Dept. Agr. Bul. 51, pp. 33-38, 46. 2U.S. Dept. Agr. Bul. 51, pp. 61-4. 
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A striking feature of the bacteriological study of musty eggs, ex- 
cluding those with green whites, is their sterility. Of the 45 musty 
eggs examined, only three, as shown in Table XIII, contained 
bacteria. One had 350 organisms, and the other two had 200,000 
and 150,000, respectively. The latter two eggs were from sample 
41,192, which consisted entirely of eggs showing bacteria. The 
ammoniacal nitrogen found in musty eggs is not excessive.! 

Most of the musty eggs were from samples procured in the spring. 
Sample 41147, which contained a large number of musty eggs, was 
purchased from a grocery store located in one of the poorer sections 
of a large city. The eggs had clean brown shells and showed prac- 
tically no shrinkage on candling. The shells, however, did not have 
the bloom characteristic of fresh eggs, but had rather the appearance 
of having been washed. 

The most rational theory advanced by the trade regarding the 
cause of musty eggs is that it may be due to absorption from sur- 
rounding materials. If the musty odor is the result of such absorp- 
tion, it is difficult to explaim why it does not become weaker as the 
ege ages in the shell or in the frozen state; also why the odor in 
cake or confectionery does not always disappear in baking. Other 
types of odors do not remain with such persistence. The cause of 
musty eggs is still unknown. 


SOFT EGGS. 


Soft eggs represent a transition stage between edible and inedible 
eggs. If the yolk breaks or is found to be broken when the egg is 
opened, it is necessary to determine whether or not the egg is fit for 
food. An egg with simply a ruptured vitelle membrane is not 
rejected, but if other signs of deterioration, such as whitish streaks 
in the yolk or a muddy white, are present, it is not considered 
edible. (See Plate IV.) Sometimes it is found that the yolk of an 
egg appears very weak before the candle and, on breaking, its outline 
is practically lost because the yolk material has so quickly inter- 
mingled with the white. This type of egg, shown in Plate V, is — 
called by the industry a ‘‘runny egg” and is discarded. The soft 
,eges with the whitish streaks in the yolk and the “‘runny eggs” | 
very closely approximate the degree of physical deterioration found 
in mixed rots. Soft eggs- sometimes have a sour odor, in which 
case they are heavily infected with bacteria.’ 

There were 447 soft eggs in the eggs under observation. Of these, 
0.7 per cent were found to be sufficiently deteriorated to warrant 
their exclusion from food products. About 20 per cent of these 
rejected eges showed infection. 7 


1 Unpublished results. 2U.S8. Dept. Agr. Bul. 51, p. 61. 
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Soft eggs found when commercially separating eggs into white and 
yolk usually contain more bacteria and more ammoniacal nitrogen 
than do edible frozen whole eggs, as may be seen from Table XII, 
which summarizes the laboratory findings in commercial products. 

The guiding principle to be followed in the grading of soft eggs 
is to reject every egg that has an odor or a yolk which shows any 
signs of deterioration other than the rupture of the vitelline 


membrane. : 
EGGS WITH GREEN WHITES. 


Eggs with green whites constituted 10.5 per cent of the rejected 
eggs, and 66.6 per cent of these were seriously contaminated. These 
results are in agreement with those obtained in a more exhaustive 
study of this type of egg.t. The six sterile eggs in the table were 


eggs in which the opalescence characteristic of fresh whites was 
confused with the “‘beginning green” of a green white egg. 


WHITE AND MIXED ROTS. - 


White and mixed rots, or eggs with the yolk partially or entirely 
mixed with the white, are advanced forms of the soft egg. These 
eggs are generally recognizable before the candle. Only 19 passed 
the candlers at the commission house into the experimental samples. 
They showed much more infection than did the soft eggs.” 


TaBLe XIII.—Eggs rejected during grading. 


I. VARIATION IN BACTERIAL CONTENT. 


Number of bacteria per ce. 
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Salk epps 29) = Sy | 26) 813) 2 63). - cee ie S| Eee BEES Biel Ses 3} 9.4) 32 

Eggs with green whites.| 6, 33.3}... _|_----]----- wee ae nase eee SE es Bee A 12 66.7, 18 

Mixed ris. __- =.= 6) 54.5)... | (Wey. Bahco Maa i} 9.1) ij 91) 64 94 

Whiterots.._-__-____- ia Ele meade obese Reta eos ot [eo ee 2 = 8 

Eggs with adherent | } | 

VOUS 22 2 2 See 2 66.7 1/°33.3)-. Se Se ee ES Be Eee eee eee 

Miscellaneous. -.....--- 9100. 0). _~ =). 22°] 2 ee ee ee ie, i paige 

Powl==--s:.--s— 118 69.0 4 2.3 3} 1.8 3 1.3 2 1.4%. 10 8 31 18. ql lil 
Dept. Agr-Bul. 51, pp. 57-61. 


Ss. t. Ag 
> The results of other examinations of white and mixed rots are given in U. S. Dept. Agr. Bal. 51, pp. 
30, 5: 
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TasLe XIII.—Egqs rejected during grading—Continued. 


Il. PERCENTAGE OF EGGS CONTAINING GAS-PRODUCING BACTERIA. 


: Nunaber Beenie 
Number| Of eggs | of discards 
pine Total contain- contain- 
Description of sample. ano. exam. ing gas- inevens 
* | producing | producing 
bacteria. | bacteria. 
Eggs with abnormal odcr, not musty...........----------- 45 42 6 14.3 
IMTS tyZO EES ee ere ee a ee se eS ee er eee 45 45 0 -0 
SOMCEE SMe ees oa os cossouosescososesosSdsscsosauconsacsES 32 32 0 0 
MP oShWAL OTe MEW MITES ase ase aie seers sei as eee nee 18 18 4 22.2 
IN EB REXKOLT ROT ASS Nin Sects ence yees Sie een apse Sere co pear ate y i eee SHEN le i 10 2 20. 0 
Walnitemots aerate saa ise acae eee eis Sede eae uate 8 8 2 25.0 
eect Mad nerent VOlcs a2. 5. 58 Sais eee ae 3 3 0 0 
WOBESIRVUSOUSS 5-55 d55553ces sa aa5 senses sosoossS sons ecuasS 0) 9 | 0 0 
Tagen ESS, Bo 2 ee MN MMe 2 ee ee ee 171 167 14 | 8.4 


TasLE XIV.—Summary of bacterial findings in eggs with abnormal odors. 


Number | Per cent 

andoiodor Nambet Number | Per cent | with over with over 
: erminerd positive. | positive. { 500,000 500,000 

bacteria. | bacteria. 
Winclassificdiina diese o eae ee esa yes ae er icicia® 16 11 68.8 7 43.8 
Oly ee rtee are sine see seein a Ate Seon see 6 4 66. 7 3 50.0 
S OUT eee ie oe spear ee Seen pene Eee cie 5 3 60.0 2 40.0 
Weryistnom gece ae Sos See Ree ae Scoopeo es] 17 6 30.3 1 5.9 
Meee ean a ee Se eee eo 2 | mx45 3 6.7 0 z (1) 
oath iar eee sae ra eee me eee er es ns os 1 0 0 0 0 

SUMMARY. 


1. Despite careful candling a small number of breaking-stock eggs 
contain bacteria, particularly during the summer and fall months. 
The percentage of eggs containing B. cola is markedly lower than the 
total percentage of eges-harboring bacteria. 

2. There is a progressive rise in the percentage of bacterial con- 
tamination through the following series: Clean whole eggs, dirty 

whole eggs, clean cracked eggs, dirty cracked eggs, clean leaking 
eggs, and dirty leaking eggs. 

3. Eggs with weak yolks show a greater degree of bacterial con- 
tamination than do eggs with firm yolks. 

4. A settled yolk is not per se an evidence of the presence of 
bacteria. ; 

5. Eggs with adherent yolks and eggs with addled contents are 
not only abnormal in appearance, but, in many instances, are har- 
borers of bacteria. They should not be included in food products. 

6. Some eggs containing bacteria can not be recognized by their 
appearance or odor. A very large percentage of eggs containing 
bacteria, particularly those with high bacterial content, can, how- 
ever, be recognized by the senses. 
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7. Despite careful adi out of the shell, the percentage of eggs 
containing bacteria in mixtures prepared for teres or drying may 
average 12 per cent of the eggs used. 


8. The number of bacteria per gram in composite products pre- 


pared for freezing or drying, due to unrecognized infected eggs, may 
vary from a few hundred to several million. Some but not all the 
B. coli in the composite mixtures prepared commercially are derived 
from the raw material. 

9. A “‘weak egg” which has decomposed to such an extent that 
it has a muddy white or a whitish streak in the yolk should be dis- 
carded as unfit for food purposes, even though it may show no bacteria, 
as the absence of bacteria does not in itself signify that an egg is edible. 

10. The musty egg does not usually contain bacteria, neither is 
it decomposed as judged by the appearance or the quantity of loosely 
bound nitrogen present. The cause of the musty egg is not known. 

11. The production of frozen and dried egg products of good 
quality requires, first of all, good raw material, and, subsequently, 
care in grading the eggs both before the candle and out of the shell. 
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SOFT EGG OUT OF THE SHELL, SHOWING WHITE STREAKS IN YOLK 
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